Synthesis, Characterization and Evaluation of Novel Catalysts for Selective Organic Transformations by REDDY, N. MAHENDER



8



1



Synthesis, Characterization and Evaluation of Novel Catalysts for Selective Organic Transformations
The thesis deals with the design and development of heterogenized homogeneous catalysts for various organic transformations. The first chapter details the major problems encountered in conventional homogeneous processes and describes the need for design and development of cleaner and alternative catalytic technologies for fine chemical production with eco-friendly mesoporous materials. Further, this chapter deals with heterogeneous catalysis using inorganic materials such as clays, zeolites. Chapter II describes the development of heterogeneous catalysts for hydrogenation of acetylenes, olefins and semi-hydrogenation of acetylenes. Chapter III deals with the development of a heterogeneous catalyst for Heck arylation of olefins with aryl halides using water-soluble complex [Pd(TPPTS)2​Cl2] supported on Layered double hydroxide. Chapter IV describes the preparation and characterization of palladium dicyclohexylphosphine complex anchored on montmorillonite (Mont-PdP(Cy)2Cl2) and its application for the amination of aryl chlorides. Chapter V deals with the Sonogashira coupling reactions catalyzed by palladium diphosphine complex anchored on silica. 
Chapter I. Introduction
	This chapter describes the various catalyst/process options available for an industrial chemist to effect different organic transformations. It includes a brief introduction of homogeneous, biphasic, supported liquid phase (SLPC) and heterogeneous catalysis. The need for design and development of environmentally cleaner catalytic methodologies is also highlighted. The structures and properties of the materials like MCM-41, zeolites and clays are discussed to familiarize the supports used for the development of heterogeneous catalysts.
Chapter II. Hydrogenation of Acetylenes and Olefins Catalyzed by Pd-Exchanged                
Mesoporous Materials
	This chapter is divided into two sections.
Section I. Preparation and Characterization of Pd-Exchanged Mesoporous 
Materials
This section describes the preparation of the catalysts viz., Pd/Si-K 10, Pd/MCM-41 and Pd/Y-zeolite using ion exchange method. These catalysts were characterized using techniques like X-ray diffraction (XRD), scanning electron microscopy, atomic absorption spectroscopy and BET surface area measurements. 
Section 2. Hydrogenation of Acetylenes and Olefins Catalyzed by Pd-Exchanged 
Mesoporous Materials
	This section deals with the hydrogenation of acetylenes, olefins and semi-hydrogenation of acetylenes to cis-olefins (Scheme 1). Comparative studies were carried out with the three catalysts viz., Pd/Si-K 10, Pd/MCM-41 and Pd/Y-zeolite and found the Pd/MCM-41 catalyst is more active. Good selectivities were observed in the semi-hydrogenation of acetylenes to cis-olefins.
Catalyst: Pd/Si-K 10/ Pd/MCM-41/  Pd/Y-zeolite

Chapter III. Heck Arylation of Olefins Catalyzed by Layered Double Hydroxides 
Supported Pd(TPPTS)2Cl2 Catalyst
This chapter is divided into two sections.
Section 1. Preparation and Characterization of Layered Double Hydroxides 
 Supported Pd(TPPTS)2Cl2 Catalyst
This section describes the preparation of the catalyst LDH-Pd(TPPTS)2Cl2 (Scheme 2). The Pd(TPPTS)2Cl2 complex was immobilized on LDH (Mg-Al-Cl) using ion exchange method. The catalyst was characterized by X-ray diffraction (XRD), atomic absorption spectroscopy, electron spectroscopy for chemical analysis (ESCA), UV-Vis diffuse reflectance spectroscopy (UV-DRS) and BET surface area measurements.

Section 2. Heck Arylation of Olefins Catalyzed by Layered Double Hydroxides 
Supported Pd(TPPTS)2Cl2 Catalyst
Heck reaction is an important tool for generating new C-C bonds and it has several applications in synthesis of variety of molecules. Considering numerous applications of Heck reactions there is a need for the development of an effective catalytic method. 
This section describes the Heck arylation of olefins (Scheme 3) using the LDH-Pd(TPPTS)2Cl2 catalyst . The catalyst is able to activate aryl bromides and very good yields were obtained. The catalyst can be recycled for five cycles with almost consistent 
activity.


Chapter IV: Palladium Dicyclohexylphosphine Complex Anchored on Montmorillonite : A Recyclable Catalyst for Amination of Aryl Chlorides
	This chapter is divided into two sections.
Section 1. Preparation and Characterization of Montmorillonite Anchored 
Palladium Dicyclohexylphosphine Complex
This section deals with the preparation of Mont-P(Cy)2-PdCl2 catalyst (Fig. 1). The catalyst was prepared under inert and dry reaction conditions by anchoring the dicyclohexylphosphine on montmorillonite and characterized using the techniques like XRD, AAS, XPS and UV-DRS .

Section 2. Montmorillonite Anchored Palladium Dicyclohexylphosphine Complex: A 
Recyclable Catalyst for Amination of Aryl chlorides
Amines and their derivatives are of fundamental importance as natural products, pharmacological agents, fine chemicals, dyes and polymers. There is considerable interest to develop efficient synthetic protocols for the construction of carbon-nitrogen bonds. Based on the important developments by Buchwald and Hartwig et al., the palladium catalyzed C-N coupling reaction of aryl halides has recently become the most important laboratory scale synthesis of substituted aryl amines. But very few heterogeneous catalysts were applied for the C-N coupling reaction. Hence, there is a need to develop heterogeneous catalysts for these reactions.
This section describes amination of aryl halides (Scheme 4) using the Mont-P(Cy)2-PdCl2 catalyst. The catalyst is very active for the amination of aryl chlorides under mild reaction conditions and very good yields were obtained. The catalyst can be recycled for three cycles with almost consistent activity.



Chapter V: Sonogashira Coupling Reactions Catalyzed by Silica Immobilized 
Palladium Diphosphine Complex
	This chapter is divided into two sections.
Section 1. Preparation of Silica Immobilized Palladium Diphosphine Complex 
This section deals with preparation of the catalyst viz., Silica- (CH2)3 –NH – C(O) - N-[CH2 – CH2 – CH2 –P(Ph)2]2PdCl2 (1) (Fig. 2). The ligand (EtO)3-Si-(CH2)3 –NH – C(O) - N-[CH2 – CH2 – CH2 –P(Ph)2]2 was prepared starting from diethanolamine in three steps. This ligand was immobilized on silica and complexed with palladium to get the catalyst (1) and characterized by various methods.


Section 2. Sonogashira Coupling Reactions Catalyzed by Silica Immobilized 
Palladium Diphosphine Complex 
	This section describes the Sonogashira coupling reactions (Scheme 5) of aryl halides with phenylacetylene using the Silica- (CH2)3 –NH – C(O) - N-[CH2 – CH2 – CH2 –P(Ph)2]2PdCl2 catalyst (1). 
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